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PREF?£C 


Ihls  report  clescrlises  a  procedure  for  the  calibration  of  inanimate  senears 
or  "skin  sisulants".  The  similants  were  constructed  to  simulate  the  thermal 
properties  of  skin  and  correlate  bum  severity  with  the  tenperature  history'  at 
known  depths  of  the  skin.  They  are  an  essentiad  part  of  the  remote  data 
collection  ocnponent  of  The  Advanced  Thermal  Re^xsnse  Data  Acquisition  and 
Analysis  System  being  built  by  Natick.  The  work  was  done  under  the  project 
"Thermal  Protection,  1L162786AH98CAB00,  administered  by  the  Directed  Energy 
Protection  Branch  (MT  Br) ,  fhysical  Sciences  Division  (PSD)*,  Soldier 
Science  Directorate,  U.S.  Army  Natick  Research,  Develcfx.ent  and  Engineering 
CJenter. 

Two  of  the  authors  eure  engineering  students.  Brian  W.  Reinhart  is  a  Junior 
attending  Rensselaer  Balytechnic  institute,  Troy,  N.Y.  His  major  is  in 
Electrical  Fewer  Engineering.  Donald  A.  Seville  is  a  5th  year  Senior  at 
Worcester  Polytechnic  Institute,  Worcester,  MA,  with  a  double  major  of 
Mechanical  Engineering  and  Science,  Technology  and  Society, 

All  experimentation  was  conducted  in  the  Directed  Energy  Protection  Branch 
at  the  U.S.  Army  Natick  Research,  Development  and  Engineering  Center.  The 
citation  of  trade  names  in  this  report  does  not  constitute  officied  endorsement 
or  approval  of  use  of  an  item. 

The  authors  are  grateful  to  Marcia  Lightbody  for  her  techniced  assistance 
in  editing  eund  preparing  this  document. 


*  Renamed  l  October,  1991  -  Ihysics  &  Engineering  Branch,  Fiber  and  Polymer 
Science  Division 


vii 


CS^LEBRATIGN  PROCEDURE  PCR  SKIN  SMJIANIS 


A  state-of-the-art  data  acsjoisitlcxVliistnanaited  nanUdn  system  is  being 
built  by  the  Riysics  &  Engineering  Branch  at  Natick  to  study  how  an  individual 
soldier  is  protected  fron  the  thermal  insults  of  flame,  002  leisers  and 
themoTucieau:  weapons  while  vrearing  military  uniform  systems,  items  and 
fabrics.  Ihis  manikin  system  can  record  data  in  a  laboratory  or  remote  field 
test  setting.  Ihe  data  is  formatted  to  a  standard  serial  bit  stream  and  can  be 
sent  for  miles  on  a  coaxial  cable  or  transmitted  on  a  standard  FM  transmitter 
for  reception  at  extreme  ranges.  Using  softs^zure  tailored  to  the  system,  the 
researrAer  acquires  data  to  be  di^layed  in  real  time  or  stored  for  analysis  of 
bum-severity  piedictions  at  any  convenient  future  time.  The  data  recorded 
from  the  experiments  are  used  to  generate  tvx>-  and  three-dimensional 
representations  of  the  extent  of  skin  bums  as  predicted  fron  skin  simulant 
recordings.  A  three-dimensional  manikin  display  is  capable  of  showing  the 
progressicn  of  skin  damage  as  it  chauiges  with  time. 

The  system  is  cedled  Ihe  Advanced  Ihermal  Response  Data  Acquisition  euid 
Analysis  System  (A!IRES/CAAS)  euid  ooneists  of  four  main  units:  1)  remote  data 
collection  sites,  2)  master  data  collection  control,  conversion,  and 
formatting,  3)  data  processing  and  storage,  and  4)  graphiced.  aralysis  and 
presentation. 

This  vcack  was  initiated  to  support  the  ijiplemsntation  of  the  remote  data 
collection  sites  of  the  AIRES/DMS.  These  collection  sites  consist  of  three 
major  parts:  manikins,  simulated  skin  sensors  (simulants) ,  and  electronic 
hardware. 
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Essential  ocD|X3nents  of  the  n^inikins  are  the  skin  simulants  because  they 
mimic  the  thexmal  properties  of  human  skin.  Ihe  data  they  produce  determine 
the  correlation  of  skin  bum  severity  with  the  temperature  history  at  known 
skin  depths,  i.e. ,  the  epidermn  1  /dermal  interface  of  the  skin.  Ihese  simulants 
are  evenly  distributed  over  the  torso,  arms,  hands  and  legs  of  the  manikins. 

If  the  simulants  do  not  accurately  indicate  the  thenal  re^xnse  of  human  skin, 
any  data  from  a  thermal  radiation  test  source  beoane  inconclusive. 

The  simulants  used  in  this  study  were  patterned  after  the  work  of  Derkscn, 
et  «U..  at  the  Naval  Materials  laboratory  (NML)^  emd  made  by  the  Fabric 
Research  Laboratories  Division  of  Albany  International  Corporation,  Dedham, 

MA.  The  NML  simulants  consisted  of  aipproximately  40  percent  by  wei^t  of  fine 
silica  powder  mixed  with  edpha  (a)  cellulose  urea  fonraldehyde.  The  mixture 
was  molded  under  pressiure  in  a  hot  press  to  form  a  button,  3.8  otn  in  diameter 
cuid  1.3  can  thick  that  was  curved  on  one  face.  The  mixture  was  also  molded  in 
the  form  of  a  disk  2.5  can  in  diameter  ard  1.25  can  in  thickness  for  placing  in 
the  skin  of  Natick's  instrumented  nanikin.  These  sensors  had  a  O.OOi  can-thick 
Type  T  (ccpper-oonstantan)  thermocxxple  embedded  0.05  can  beneath  the  surface 
that  provided  a  time-tejrperature  history  of  the  simulant's  response  to  a 
thermal  source.^ 

Natick  has  recently  developed  its  own  sensors  for  the  nultimanikin 
ATRES/CAAS  using  the  NML  simulant  naterial  but  configured  as  disks  with  a 
0.013  an  diameter  bead  thermistor  placed  0.05  can  below  the  surface  to  obtain 
the  tenperatuze  data.  The  sensors  were  nade  to  reduce  the  fragility  of  the 
older  sioulants  and  increase  re^xxise  time  and  accuracy.  These  newly  developed 
sensors  had  to  be  calibrated  against  a  theoretical  thermal  model  of  actual 
skin. 
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An  industried  CO2  laser,  Dash-8**  data  aoquisitian  and  ocntroUer 
board  with  EXP-16**  multiplexer  hardware  and  previously  used  sensors 
with  known  reliability  were  utilized  in  the  develcpnent  of  Katidc's  system  of 
calibration.  Uiis  paper  describes  the  theory,  experimentaticn,  and  a  finalized 
calibration  technique. 


ftfflLmgftLiCCEL 

Ito  cedibrate  the  skin  simulant,  an  au^ytical  model  of  the  dynamdc  thermal 
re^xxise  of  £Krtu2d  skin  wzts  used.  Ihe  governing  paxtiad  differential  equation 
of  heat  transfer  for  transient  flow  is^; 


K  T 


r 

IT 


(1) 


where  k  is  thermal  ccxiductivity,  T  is  teniaerature,  p  is  density,  CpLs  specific 
heat,  and  t  is  time.  Ihe  skin  smdant  was  designed  to  ineasure  the  tenpeiature 
that  vrould  have  existed  at  a  depth  of  100  micrcmeters  fym)  beneath  the 
surfacje  of  the  skin.  Hiis  is  the  e^roxizBte  depith  of  the  epideiroal -dermal 
interfaoe  and  the  point  at  which  the  taiperature  will  be  found  as  a  functicn  of 
time.  For  this  model,  one  dimensional  heat  flow  will  be  assumed.  For  the  1-D 
case,  Eq.  1  can  be  written  as: 

5T  (2) 

K  — r  -  P  Co  — 


For  the  case  of  a  finite  pulse  of  radiation,  E}q.  2  was  solved  ty  Roach  et  al. 
Ihe  solution  is  separated  into  tw  segments,  cne  for  the  duration  of  the 
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radiaticn  pulse  etrid  cne  for  the  cooling  of  the  skin  after  the  pulse.  Ihe 
solution  of  the  equation  for  the  radiation  pulse  phase  is  eaqaroooed  in  syniDolic 
foEB  as^: 


h 

X  Cbx] 

ab^tl 

'  X  b 

w  =  - 

erfc  -  exp  —  exp 

erfc 

-  +  -  v/St 

b 

2^/^  Lk  J 

1  k2  J 

k  J. 

where  w  is  the  taiperature  at  the  interface,  h  is  ti»  irr^iianoe,  b  is  the  heat 
transfer  coefficient,  and  a  -  (k;^  C)  is  the  thennal  diffusivity.  After  the 
radiatiOTi  pulse  ends,  temaerature  during  cooling  is  calculated  by  replacing  h 
by  a  negative  value  at  time  t  =  T  (T  is  the  finite  pulse  length)  and  abiding  (-) 
this  porticn  to  the  above  from  t  =  T  ->  «o  . 

Equations  2  and  3  were  used  in  a  cooputer  program  written  in  BASIC  to  plot 
the  recorded  tanperature  (from  0  to  7  seccxids  (s))  of  the  epidemal/dennal 
interface  for  any  laser  pulse  power  and  length  (Appendix  A) .  Ihe  thermal 
parameters  of  human  skin  that  were  used  in  this  ocnputer  solution  are  listed  in 
Table  1. 

Table  1.  Thermal  parameters  of  skin. 

k  =  Themal  conductivity  =  0.00122  cal/cm-s-’  C 
*  Specific  heat  »  0.87  cad/q~‘  C 

p  -  Density  =  i.03  g/cm 

X  =  Depth  =  0.01  on 

b  =  Heat  transfer  ooeff  =  0.00015  cal/on-s-*  C 
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A.  Instnanentation 

All  experiments  were  conducted  at  the  CEP  Br,  PSO,  U.S.  Amy  Natick 
Research,  Development,  and  Engineering  Center,  Natick,  MA.  Ihe  follcwing 
is  a  list  and  brief  description  of  the  equipment  used  to  perform  the 
experiments.  The  actual  operation  of  the  devices  is  detailed  further  in 
the  Procedure  and  Anedysis  sections. 

Laser  -  Ihe  laser  used  as  a  thernal  radiation  source  was  a  Spectra- 
Fhysics  Model  820EP  Gas  Tran^rt  Industried  OO2  laser  with  the  following 
^>ecif  icatioTs ; 

1.  Wavelength:  10.6  operating  in  CW  TEMoo  (Continuous  Wave, 
Transverse  Electric  and  Magnetic  Mode,  lcwe«7t  order) 

2.  CXitput  power:  2500  watts  (W)  roaximan 

3.  Beam  diameter:  19  millimeters  (nro)  at  the  laser  output  mirror 

4.  Output  power  stability:  +  2% 

5.  Beam  divergence  stability  (full  angle):  ±  0.15  milliradicins  (mrad) 

6.  Miniaum  shutter  time  (open  and  close) :  50  milliseconds  (ms) 

7.  Beam  bender:  A  device  designed  to  intercept  and  reflect  the 
incident  laser  beam  at  right  angles  to  its  original  direction.  It  was 
used  to  lon^r  the  laser  beam  to  the  height  of  the  optical  table. 

8.  Helium  neon  laser:  An  internal  oonpcnent  of  the  OOj  laser  system 
was  a  2  milliwatt  (iii4)  HeNe  laser  used  to  edign  optical  equipment, 
position  work  and  direct  the  002  beam. 
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Optics  - 


1.  Beeun  Splitter  and  Lenses  -  A  zinc  selenide  (ZnSe)  coated  bean- 
glitter  (50/50)  ’fias  used  to  divide  the  laser  bean  into  two  equal 
beans.  ZnSe  lenses  v«re  used  to  direct  the  laser  beans  to  each 
kaleidoscope  and  sensor.  The  bean  flitter  and  lenses  were  nade  b/ 
II-VI,  Inc.,  Saxonburg,  PA. 

2.  Kaleidoscope  -  A  kaleidoscope  or  scranbler  (a  rectanguleur  pipe 
light  guide  or  optical  conduit)  constructed  of  naval  bronze  with  a 
highly  polished  peissage  1  cm  high,  1  am  wide  euid  16  at\  larg  was 
incorporated  with  the  lenses  in  order  to  acquire  a  unifom  beam  energy 
profile.  Tie  kaleidosccpes  were  made  by  instrument  malcers  at  Natick. 

Sensors  -  NML  skin  sinulajcts  that  were  used  in  preview is  Natick  thermal 
experiments  were  used  ar  the  experimental  targets.  These  -sensors 
ocHTtained  a  type  T  themooouple. 

Calorineters  -  HyCal  Engineering,  Santa  Fe  Springs,  CA,  .Series  C-1100 
asymptotic  c2Q.oriineters  were  used  as  heat  flux  sensors  to  record  the  amount  of 
heat  reaching  the  skin  siirulant.  These  calorimeters  were  i  alibrated  by  the 
manufacturer.  They  were  coded  by  their  serial  nunters  and  supplied  with  their 
calibration  curves  that  related  voltage  to 


Hardware  - 

1.  HP9825B  -  The  002  shutter  were  configured  to  operate 

from  a  Hewlett  Packard  Model  9825B  desktop  oonputer.  With  this 
eurrangement,  the  experimenter  operated  the  laser  frein  a  protected  rocm 
ranoved  from  the  laser. 
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Haundware  (Oorrt'd)- 


2.  Ocqpaq  Mcsdel  320C2  PC  -  A  portable  Ocnfsaq  Model  320C2  personal 
cxanjuter  fron  OCMPAQ*"  Occputer  Oorporaticn,  Hcxistcn,  TX 

wais  used  with  data  acquisition  hemiware  amd  softwaure.  It  provided 
both  data  gathering  and  data  analysis  si^jport. 

3.  Dash-8  -  A  Dash-8  Data  Acquisition  and  COTtrol  Interface  Board  was 
installed  in  the  Ocnpaq  Model  320C2  PC  to  provide  ax^og/digitad 
interface  and  high  ^leed  data  acquisition. 

4.  EXP-16  -  An  Expansicm  Multiplexer  and  Instrumentation  Aitplifier 
(EXP-16)  were  used  to  extend  the  capabilities  of  the  DASH-8.  Using 
this  system  data  were  accepted  simultaneously  from  both  the  sensors 
and  calorimeters.  The  DASH-8  and  EXP-16  are  products  of  MetraByte 
Corporation,  Taunton,  MA. 


Software  - 

1.  labtech  Notebook'"  -  A  software  package  fran  laboratory 
Technologies  Corporation,  Wilmington,  MA  was  designed  to  interface 
with  the  Dash-8  and  EXP-16.  The  sanpling  rate,  sajrpling  duration, 
input  channels,  and  data  destination  were  among  the  variables 
cjontroiled  by  Labtech  Notebook. 

2.  Ictus  1-2-3'"  -  Data  files  generated  by  Labtech 

notebook  were  formatted  for  a  direct  link  to  Lotus  1-2-3.  Lotus 
1-2-3,  a  software  package  of  ICTUS,  Cambridge,  MA,  provided 
^readaheet  power,  numerical  analysis,  and  graphing  capabilities. 
Lotus's  ability  to  inport  files  allCAi«d  for  the  desired  ocnparison  of 
theoretical  and  experimental  data. 
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B.  System 


The  beeon  shaping  optical  system  was  designed  to  produce  a  bean  profile  that 
was  uniform  over  the  sensor  area  of  the  skin  similant.  This  uniformity  was 
necessary  because,  althou^  the  bean  profile  was  approocinately  gaussian  the 
profile  tended  to  be  more  cceplex  as  the  laser  output  power  was  increased. 

This  tendency  night  have  caused  bean  energy  irregularities,  which  could  affect 
the  data  acquired.  In  order  to  achieve  the  desired  bean  uniformity,  a 
kaleidoscope  was  placed  between  tvro  ZnSe  lenses.  The  first  lens  has  an  effec¬ 
tive  focal  length  (EFL)  of  63.5  ran  and  the  second  lens  has  an  EFL  of  127.0  ran. 
The  emitted  laser  bean  was  directed  through  the  63.5  ran  focal  length  ZnSe  lens 
and  into  the  kaleidoscope .  The  kaleidosoope  divided  the  incxming  wave  fronts 
of  the  beam  into  rectangular  segments  approximately  equal  to  the  cross- 
sectionsd  area  of  the  pipe.  These  forr'^d  segments  were  supexinposed  at  the 
output  end.  The  result  was  a  homogenized  energy  distribution  at  the  exit 
aperture^.  The  127.0  ran  foccil  length  ZnSe  lens  refocused  the  homogenized 
beam  onto  the  skin  simulant  sensor.  The  irxadianoe  density  was  changed  by 
adjusting  the  distances  between  the  lenses,  kaleidoscope  and  surulcuit,  and  the 
irradiated  area  on  the  siraolant. 

laser  output  power  was  determined  by  reading  the  digital  display  of  the 
interned  meter  of  the  laser.  Following  a  number  of  preliminary  data  runs,  it 
was  evident  that  a  more  precise  method  was  needed  to  record  the  beam's  power  at 
the  simoleurt  (see  C.  Procedure) .  Thus,  the  cpticed  system  was  changed  to 
irradiate  a  calorimeter  simultaneously  with  the  skin  simulant,  as  shown  in 
Fig.  1. 
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The  result  was  tlie  arranganent  illustrated  in  Fig.  1,  in  which  the  beam 
frcm  the  laser  was  ^lit  into  t»ro  beans  a  50/50  ZnSe  beam  flitter.  The 


beam  directed  thixxigh  the  opticzil  system  that  was  initially  used  was  termed  the 
primary  beam  euvi  the  beam  redirected  by  the  beam  splitter  was  termed  the 
secondary  beam.  The  skin  sinulant  sensor  vaa  irradiated  by  the  prinary  beam. 
The  beam  flitter  was  used  to  change  the  direction  of  the  secondary  beam  90 
degrees  horizontally,  toward  a  mirror  which  directed  the  secondary  beam  through 
a  systa  of  optics  identical  to  those  of  the  prinary  path.  The  calorimeter 
that  was  placed  at  the  end  of  the  secondary  path  was  used  to  determine  the 
laser  beeun's  output  power.  With  this  system  the  beam  distribution  was  made 
uniform  and  the  irradi^uK)e  regulated. 

c.  Prooedure 

TW3  of  the  objectives  in  the  c^dibration  prooedure  were  1)  to  use  a  CDj 
laser  as  a  thermal  source  to  obtain  temperature  vs.  time  data  frcm  the  skin 
sinulant,  and  2)  to  record  the  power  density  and  duration  of  the  radiation 
litpinging  on  the  skin  sinulant  for  input  in  the  analyticad.  model. 

For  all  experiments,  the  external  membrane  oontrol  panel  on  the  laser  was 
used  to  establish  the  desired  lasing  current  and  to  transfer  oontrol  of  the 
laser  to  the  HP9825B  ocnputer. 

The  sensors  that  were  mounted  in  the  primary  and  secondary  beam  paths  sent 
voltage  differerce  signals  to  the  E3CP-16  Multiplexer  where  the  signal  was 
anplified  and  sent  to  the  Daah-8  data  acquisition  and  controller  interface 
board.  The  Dash-S  oonverted  the  sigmls  frcm  amlog  to  digital  format. 

Labtach  Notebook  was  used  to  control  the  sanpling  rate  and  duration  of  the 
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voltage  signal.  Also,  that  software  was  used  to  di^lay  the  real  tune  voltage 
signal  cn  a  color  ncnitor  screen  and  store  the  data  in  specified  ASCII  files. 
Further  analysis  on  the  data  was  aooca{)lished  using  Lotus  1-2-3. 

Ihe  OO2  laser  system  contains  a  visible  red  HeNe  laser  that  is  used  as  a 
convenient  sighting  tool  to  verify  the  aligment  of  the  laser  beams  and  optical 
eurrangeanents  and  to  position  the  calorimeter  nmd  slmdeuit.  However,  in  this 
work  the  beans  were  aligned  with  their  respective  sensors  by  placing  cleeu: 
plexiglass  in  front  of  the  sensors  and  e^qxjsing  the  plexiglass  to  the  CZ>2 
laser  just  enough  to  etch  the  patterns  of  the  beans  onto  the  plexiglass.  These 
patterns  were  used  to  center  the  c2doriineter  and  sinulant  in  their  re^sctive 
beam  paths.  The  beam  area  was  measured  from  the  burn  profile  and  used  in 
future  power  density  calculations. 

The  first  experiments  were  designed  to  ocnpare  the  beam  pcMer  measured  by  a 
cadorineter  in  the  primary  beam  path  to  the  beam  power  measured  by  the 
calorimeter  in  the  secondary  beaun  path  under  identical  lasing  oonditicns.  This 
was  aoooqplished  by  aligning  a  cadorimeter  in  the  primary  beam  path  and  firing 
the  laser.  The  same  calorimeter  was  then  moved  to  the  secondary  beam  path  and 
identical  test  conditions  repeated.  A  relationship  was  developed  between  the 
beam  power  in  the  two  paths,  which  allowed  a  power  reeKling  from  one  path  to  be 
converted  to  the  other  path. 

TO  calibrate  the  skin  sinulants,  a  simulant  was  mounted  in  the  primary  beam 
path  and  a  calorimeter  in  the  secondary  beam  path.  Plexiglass  panels  were 
etched  with  the  0^2  beam  and  used  to  checdc  the  edigment  of  the  sensors  and 
record  the  beam  area. 


II 


The  two  sensors  wars  irradiated  sinoltaneously  and  their  output  reooitied  and 
stored  in  the  Ocnpaq  320C2  PC.  This  procedure  was  repeated  for  a  number  of 
different  laser  pcMers  and  pulse  durations. 

D.  Analysis 

The  output  signals  from  the  calorimeter  and  simulant  required  further 
formatting  because  the  signals  frcxn  these  sensors  were  in  terms  of  voltage  and 
not  in  the  desired  units  of  tenpeiature  (‘  C)  ^u1d  ced/can^-s. 

The  voltages  viere  converted  to  teoperature  values  using  a  nested  polynonial 
relationship.  This  relationship  is 

T  “  0,100860^(X/G)*(25729.^(X/G)*(-767345.8+(VG)* 

(78025595. 8+(VG)  *(-9. 25e9+(X/G)*  (6. 97ell+(X/G)*  (4) 

(-2 . 66el3+  (  VG)  *  ( 3 . 94el4 )))))), 

where  T  is  tenperature,  X  is  the  voltage  reading  from  Lahtech  Not^xxdc,  and  G 
is  the  EXP-16  Multiplex  gain  setting.  A  Lotus  1-2-3  file  called  (TtMPOONV)  was 
created  as  a  teqplate  file.  Using  Eq.  4,  the  data  uiported  was  autonaticzdly 
converted  to  *  c  and  then  normalized  to  a  rocm  tenperature  of  22*  C. 

A  similar  method  was  used  to  convert  the  calorimeter  readings  from  voltage 
to  cal/an^-s.  Each  calorimeter  was  sippiied  with  a  calibration  curve  that 
related  the  czdorimeter's  output  voltage  with  BtiVft^~)9«  These  curves  were 
linear  with  a  y-interoept  of  zero,  so  the  slope  of  each  curve  was  used  as  a 
multiplier  to  convert  from  voltage  to  Bt^/ft^-s. 
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(5) 


The  follavlng  relationship  was  developed  to  convert  this  value  to 
cal/cn^-s; 


q  *  ( (VG)  *M*3600*1000*0. 00007535)/ (B*A*P) 

where  q  is  the  power  density,  M  is  caloriiiieter  nultiplier,  B  is  the 
absorptivity  of  the  calorimeter,  A  is  the  surface  area  of  the  laser  beam  on  the 
skin  simulant,  and  P  is  the  conversion  factor  from  the  secondarv  to  the  primary 
beam  path.  Equation  5  was  used  to  convert  the  voltage  recorded  by  the 
calorimeter  to  the  power  of  the  beam  ijipinging  on  the  skin  simulant.  Before 
the  sensors  were  irradiated  the  laser  pulse  power  reading  was  zeroed  to  account 
for  the  dc  offset  of  the  calorimeter.  A  Lotus  1-2-  3  tenplate  file,  CAI£KIK2, 
was  created  to  automatically  convert  the  imported  data  file  containing  the 
voltage  signals  into  units  of  cal/on^-s  at  the  simulant  and  also  in  watts  at 
the  calorimeter. 


EXPERlMEyiAL  AND  ANAIYnCAL  RESULTS 


To  find  the  relationship  between  the  pcMer  in  the  primary  beam  path  and  the 
secondary  beam  path,  tests  were  conducted  using  different  cedorimeters  and 
powers.  The  results  for  six  tests  using  three  different  calorimeters  and  the 
resultant  conversion  factor  are  shown  in  Table  2.  From  these  data,  the  average 
conversion  factor  from  secondary  beam  power  to  primary  beam  power  that  was  used 
in  Eq.  5  was  0.733.  Figure  2,  illustrates  the  primary  and  secondary  path 
powers  of  a  calarimeter  after  being  analyzed  through  lotus  1-2-3. 


Skin  slBUlant  calibraticns  were  ocnducted  for  a  variety  of  skin  sisulants 
using  different  bean  powers,  pulse  duxaticns,  caloriiaeters,  and  experimental 
ocnditicns.  Included  in  this  report  ore  several  examples  of  the  resulting 
calibration  curves  that  show  the  eagaerinental  and  theoretical  results.  Ihe 
parameters  used  in  Labtech  Notebook  are  shown  in  ISble  3.  Ihe  calorimeter  used 
is  listed  with  each  figure.  Figures  3  through  6  are  the  actual  calibration 
curves. 


TOblf  3f _ Calibration  parameters  used  in  Fio.  3. 


Sanpling  rate: 

Sairpling  duraticn: 
EXP-16  gain: 
cal  inultiplier(#44677) : 
Cal  absorptivity: 

S-P  conversion: 

Beam  area: 


30.0  Hz 
8.0  S 
100.0 

6.3  mV/(BtU/ft^-S) 
82.0% 

0.733 
3.71  cm^ 
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Fig.  4.  Skin  Sinulant,  Experijnmfcal  ard  Theoretical  Curves, 
calorimeter  #44676,  1.278  cal/car-s,  1  s  pulse. 
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The  thermal  re^xnse  of  silica  filled,  o-oellulose  urea  formaldehyde 
s)dn  simulants  can  be  ocrpared  to  the  thermal  damage  in  human  skin.  A  ocmxiter 
program  can  be  written  in  BASIC  to  record  and  ocppare  the  thermal  parameters  of 
skin  with  those  of  the  skin  sinulant.  The  OO2  laser  can  be  used  as  a  thermal 
radiation  simulator  for  the  calibration  of  skin  simulant  sensors.  More  precise 
results  can  be  achieved  by  collecting  data  simultanecwsly  from  the  thermal 
source  eind  the  sensors  using  a  two-path  optical  system. 

It  is  rec'-rrmended  that  the  procedure  described  in  this  report  be  used  to 
calibrate  silica  filled,  a-cellulose  urea  formaldehyde  skin  simulants. 
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rx:  aftsic  Program  (SiMrHR30) 


hi 

10  REM  dimension  statements,  values  of  the  s]cin  constants,  time  between  points 
20  REM  (.001)  sec,  tima  of  calculation:  7  seconds 
30  DIME(300),  0(300),  Q300,  W(300) ,  R(300),  X(300) 

REM  IHESVAL  PARAME^mtS  OF  ACIUAL  SKIN,  Q  IS  NlOffiER  OF  ITEl^ATIONS 
38  EX):  0=210:  B=.00015:  Z=.01 
40  K=. 00122:  R=1.03:  C=.87 

43  REM  RDCM  lOlFERAiniRE  ISSErT0  22  CAMDHASAlSEX:  PAUSE  BEFtX^  IHE 

44  REM  lULSE  BEGINS.  DATA  RATE  OOPRESPONDS  TO  A  SAMPLING  RATE  OF  30HZ 

45  OEEN  "o”,  #1,  '•c:\nb\newstufAtherdata.prn'' 

46  PCR  J  =  1  TO  30 

47  irair  #3,  "22" 

48  NEXT  J 

60  REM  E3WER  .IRRADIANCE  (CAI/CM2)  AND  PULSE  mXTIH  (SBC) 

70  INPUT  "IRRADIANCE,  CAVCM2  H=",  H 
80  INPUT  "PULSE  LENCTIH,  SEC  T=",  T 
90  AS  =  1 

100  REM  CALOJIATE  VT^UJES  FOR  INTRODUCTION  TO  HEAT  FIOW  EQUATION 

110  A=IV(R*C) 

120  FXZ/(2*(SC»?{A))) 

130  D=B*Z/K 

140  E=A*(B)  *2/K*2 

150  REM  CALCULATE  EZITC 

155  REM  L  IS  THE  DESIRED  TIME  STEP  TO  MATCH  A  SAMPLING  RATE 
160  L=l/30 

170  REM  CALflJIATE  TEMPERATORE 

180  FOR  W=1  TO  Qfl 

190  S=l:  0=0:  V^O 

200  REM  CAICUIATE  ERFC  VALUES 

210  PCR  1=0  TO  26 

220  Efe((-1) 'I)*(F/SQR(L) ‘((2*I)+1) 

230  M=((-l)  ‘I)*(F/Si;3l(L)  +  (B/K)*S(31(L*A))‘((2*I)+l) 

240  J=((2*I)^1)*S 
250  PA=P/J 
260  N=+VJ 
270  S=S*(I+1) 

280  VsV+RA 
290  CM>N 
300  NESCT  I 
310  lf=Lf(l/30) 

320  V=l-V*(2/S®^(3.1416)) 

330  0=l-0*(2/SQR(3.1416)) 

340  Q(W)  =  (tVB)*(V-0*(EXP(D))*E3CP(E*L)) 

350  X(W)=(1/30)*W 

360  FRENT  "CAlJCULATING" ,  W 

370  NE>Cr  W 
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APPENDIX;  BASIC  Program  (SIMIHR30)  (Oont'd) 

380  REM  CALCXJIAIE  NEXT  TEMFESAIURE 

390  REM  CAIOJIAIE:  NEXT  TEMP  VALUES  FROM  END  OF  PULSE  USING  VALUES  ERCM 
400  REM  BEGINING  EUIUE  AND  PLACE  IN  STCRACE 
410  FDR  I=30*T  TD  Qi-l 
420  R(I+1)^(I-(30*T-1)) 

430  REM  CAIOJIAIE  TEMP  VAIUES  FRCM  *^=0  TD  7  SECONDS,  SUBLRACT  VALUES 

440  REM  or  T^O  TD  EULSE  lENCJIH  STARTING  AT  PULSE  END 

450  NEXT  I 

470  FDR  1=1  TD  Q<-1 

480  Q(I)=Q(I)-R(I) 

490  Q{I)^(I)+22 
500  PRINT  #1,Q(I) 

510  NEXT  I 
520  END 
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